This study presents data on consumption patterns, methods of food procurement, and adequacy of dietary intake among Burmese refugee camp households living along Thailand's border with Burma. Households established for one or more years and with children under 15 years of age were sampled. A questionnaire was used to determine economic, food-consumption, and dietary intake patterns; foods consumed were weighed and measured using a 24-hour recall for the household unit; and nutritional status was determined by a Microtoise tape and digital standing scales. In total, 182 households containing 1,159 people were surveyed. The average household energy and protein intakes were 96.6% and 111.4%, respectively, of the recommended daily allowance (RDA) for healthy Thais. Twelve percent of protein was derived from animal sources. Carbohydrate, protein, and fat accounted for 84%, 9%, and 7% of total energy, respectively. The intake of vitamins A, B 1 , B 2 , and C and of calcium ranged from 24.2% to 53.1% of the RDA. Iron intake was 85.3% of the RDA, derived mainly from rice, fermented fish, mung beans, green leafy vegetables, and eggs. Ration foods supplied 60.5% to 98.18% of all nutrients consumed in the households, with the exception of vitamins A and C. Among children under five years of age, 33.7% were underweight, 36.4% were stunted, and 8.7% were wasted. Although the refugees were able to procure some nonration foods by foraging, planting trees and vegetables, raising animals, and purchasing and exchanging ration foods for other items, the quantity and quality were not sufficient to compensate for the nutrients that were low or lacking in the ration. The overwhelming majority of dietary nutrients were provided by ration foods, and although the ration and the overall diet may be adequate for short-term subsistence, they do not suffice for long-term survival and optimal growth, especially for younger children.
Background
Refugees from Burma (Myanmar), totaling nearly 140,000 people living in 10 camps along the Thailand-Burma border, receive basic food and relief assistance from the Burmese Border Consortium (BBC), as well as a variety of health and education services provided by various nongovernmental organizations. The Thai Government does not provide any type of food support for the refugee population.
Rice is the staple food for the refugees and traditionally constitutes the mainstay of the diet, which includes fermented fish and a variety of vegetables, both grown and foraged, as well as meat and fish, hunted and raised. The food basket provided by the BBC is sufficient in both quality and quantity for subsistence in shortterm situations, and it has been assumed that refugees living in camps for an extended period should be able to supplement the food basket to create a balanced diet for long-term sustenance. The BBC's basic food basket includes rice, split yellow hulled mung beans, fermented fish, soybean oil, dried chilies, and iodized salt, averaging 2,200 kcal per person per day (children under five years of age receive one-half the amount of rice, beans, and oil).
361
This study determined how the BBC ration foods are utilized and the ability of households to supplement their food basket, and it evaluated the nutritional status of the refugees. This study is meant to provide information to assist the BBC and other organizations involved in providing food and relief to refugees living in camps in identifying the appropriate amount and types of foods that need to be supplied in long-term refugee situations in general.
Study site
Mae La Camp, located in Mae Sot District, Tak Province, on the northern border between Thailand and Burma, has been in existence since 1995 and is home to close to 40,000 refugees. The majority of residents are members of ethnic groups from border states in Burma, mainly Skaw Karen, with some Pwo Karen, Burmese, and Mon scattered throughout. The shelters in Mae La camp are made mostly of bamboo provided by the BBC (walls and floors) and thatched roofs, with only some structural supports made of wood. Space and water are very limited within the confines of the camp.
The camp is divided into three zones and is administered by an elected camp committee. The camp is located along a main thoroughfare, and some camp residents find day labor in neighboring farms, although the movement of refugees in and out of the camp is increasingly restricted by Thai border officials. Nonetheless, the camp has a lively economy. Zone C has a large market, with over 100 small shops that sell food and goods daily. Zones A and B have a few small shops selling some dry and some fresh foods. Camp residents are free to travel between zones to access markets, health services, churches, etc.
Methods
Zone A in Mae La Camp was randomly selected as the study site from the three zones (A, B, and C). The systematic, random sampling of households in the study area included only households living in zone A for one or more years and with children under 15 years of age. The sample size was calculated as 1,079 persons [1] , as determined by the Taro Yamane formula n = N / (1+Ne 2 ), where N = 37,070 (total population of Mae La Camp, Burmese Border Consortium, December 2000) and e = 0.03%. The average number of persons per household was six, and the calculated sample size was 180 households. An extra 10% of the households were included in the final sample; 16 households were excluded from data collection and analysis because they were not available (not at home or moved) during data collection. Data were collected during 10 days in March 2001, during the dry season, when fewer vegetables are available for foraging and water for gardens is more scarce. The refugees receive a uniform food basket throughout the year, regardless of the season.
A questionnaire was developed and implemented to collect data on household demographics, economy, and resources; sources and consumption patterns of nonration foods; and dietary intake of the household unit. The questionnaire was pretested in a small sample of households and revised for clarity and content. Data were collected during visits to the sample households by using trained interpreters to interview household members. The head of the household was interviewed on economics and food procurement. Because the refugees eat from shared plates, a 24-hour recall at the household level of food consumed during the previous day was also conducted with the household cook, including meals eaten outside of the home. The amounts of each dry ingredient consumed by the entire household, both rice and other foodstuffs, were estimated by the household member who had cooked the previous day, using real food models. Foods were weighed on a 1-g digital food balance. The amounts of food left over at the end of the previous day were estimated and weighed by using either the actual food or the food models. All household members were asked to estimate the amounts of cooked rice consumed per person per meal, and these were weighed in households that had left-over cooked rice. The age and sex of household members who had consumed the food were also recorded.
The household members were also invited to a central location for anthropometric measurements. The nutritional status of the children and adults in the sample households was evaluated by measuring their weight and height with a 100-g beam balance scale and a Microtoise tape (a metal height-measuring tape reading to the nearest 0.1 cm) to determine the level of protein-energy malnutrition. Children under age 13 were examined for clinical signs of micronutrient deficiencies, including Bitot's spots, angular stomatitis, pallor, and goiter.
Descriptive statistics were used to analyze household demographic and economic data using SPSS 9.0. The INMUCAL New Database I (NDI), the software program used by the Institute of Nutrition at Mahidol University, Thailand, for nutrient analysis, was used to analyze the nutrient content of foods consumed from 24-hour recall [2] (trace minerals and amino acid contents of foods are not available in the database). Dietary reference intakes are currently being developed for the region, and were unavailable for use in analysis; recommended daily allowances (RDAs) were used as the reference. The RDA for each household was calculated as the sum of the individual members' RDAs, and these data were compared with the RDAs for healthy Thais (1989) [3] . The RDA for each household was calculated as follows: the RDA for each household member who consumed food during the 24-hour recall period was recorded; the sum of the household members' RDA was calculated and recorded as the household RDA; and the household intake was compared with the household RDA to determine the percentage of the RDA of each nutrient that was consumed by the household.
Descriptive statistics were used to analyze average household nutrient intakes. The combined intakes of all sample households were used to calculate the proportion of nutrients from ration and nonration foods. Descriptive statistics were also used to analyze the nutritional status of children and adults. Weight for age (W/A), height for age (H/A), and weight for height (W/H) were compared with those of the World Health Organization/National Center for Health Statistics (WHO/NCHS) 1995 reference population (< -2 SD W/A, H/A, and W/H; < 80% median W/H; < 70% median W/H) [4, 5] . The adult body-mass index was calculated and compared with recognized cutoff points [6] .
Results

Household demographic and economic characteristics
Data were collected from 182 of the 200 households selected for the zone A sample, with a total population of 1,159 people. Of these, 48.9% were male, 51.1% were female, and 54.1% were between the ages of 14 and 60 years (table 1). The average household size was 6.4 persons. Among the 182 households sampled, 76.9% had sought refuge in Thailand more than five years previously, and 84.1% had resided in Mae La Camp for more than two years. Eighty-six percent of the families sampled belonged to the Skaw Karen tribe. Sixty-six percent were Christian and 29.7% were Buddhist. The main occupation reported prior to coming to Thailand was agriculture (55.5%), followed by general labor (28.6%).
Food consumption Nutrient content of overall diet
Data on food consumption were collected from 1,086 household members. The 24-hour recall interviews from 182 households revealed that the average energy intake was 96.6 ± 20.8% of the daily RDA for healthy Thais. The households consumed an average of 111.4 ± 31.1% of the RDA for total protein, but only 12% of the protein was obtained from animal sources. The intakes of vitamins A, B 1 , B 2 , and C were 36.0%, 37.8%, 24.2%, and 51.7% of the RDA, respectively (table 2) . Carbohydrate, protein, and fat accounted for 84%, 9%, and 7% of the total calories, respectively.
Contribution of ration foods to nutrient intake
Ration foods (rice, beans, fermented fish, oil, and dried chili) constituted the main sources of food and provided more than 86% of all nutrients consumed in the households, except for vitamin A (38.8%), vitamin C (2.1%), vitamin B 2 (60.5%), and animal protein (65.4%) (table 3) . Vitamins A and C were supplied mainly by nonration foods (61.2% and 97.9%, respectively) and largely from vegetables such as green gourd, pumpkin, cassava leaves, mustard leaves, morning glory, and tomato. From the ration foods, most of the energy in the diet came from rice (87.1% of total calories). Rice was also the main source of protein (71.5%), vitamin B 1 (64.8%), niacin (88.7%), iron (51.9%), and phosphorus (57.1%). Fermented fish was the main source of calcium in the diet (82.4%), provided the fish were consumed whole and the bones eaten. The major sources of iron among ration foods were rice (51.9%), fermented fish (23.6%), and mung beans (7.1%), and among nonration foods, green leafy vegetables and eggs (13.9%).
Weight of rice consumed per person per meal
Most refugees (80%) ate a rice-based meal twice a day, except for children under six years old, who ate three meals per day. The amount of cooked rice consumed per person per meal was 190, 300, and 429 g for children aged 1-3, 4-6, and 7-9 years, respectively. Males aged 10-12, 13-15, 16-19, and 20 or more years consumed 506, 593, 745, and 857 g of rice per meal, respectively; females in the same age groups consumed 469, 643, 621, and 744 g, respectively ( On average, each household possessed between onehalf and one square meter of land for planting. During the rainy and dry seasons (approximately from June through February), 69.8% of the households reported planting vegetables and fruits for consumption (table 6 ). These included one or more of the following: cassava, Acacia concinna, gourds, pumpkin, green peas, basil, ginger, lemongrass, banana, and/or papaya. On average, the households were able to plant one or two types of trees or other plants on their small plots of . The households raised an average of five or six ducks and/or chickens for consumption, whereas pigs were raised in smaller numbers (approximately one pig for each household that raised them) and were more often sold than consumed.
Nutritional status
The nutritional status measurements of 178 refugee children aged 0 to 4.9 years revealed that 33.7% were underweight (W/A < -2 SD), 36.4% were stunted (H/A < -2 SD), and 8.7% were wasted (W/H < -2 SD) (table 7) . In comparison, the prevalence of malnutrition among Thai children under five years of age, reported in 1996 and based on the NCHS standard and -2 SD cutoff, was 18.6% underweight, 16.0% stunted, and 5.9% wasted [7] . Based on WHO-endorsed criteria for identifying the severity of malnutrition among children in refugee populations, children were classified as malnourished if their weight-for-height scores fell below 70% to 80% of the NCHS reference population. The prevalences of severe and moderate wasting were 0.6% and 4.1%, respectively (table 8) . Among older children, 41.2% of those aged 5 to 9.9 years, 31.5% of those aged 10 to 13.9 years, and 19.7% of those aged 14 to 17.9 years were underweight (W/A < -2 SD); 61.6% of those aged 5 to 9.9 years, 51.6% of those aged 10 to 13.9 years, and 51.5% of those aged 14 to 17.9 years were stunted (H/A < -2 SD); and 1.8% of those aged 5 to 9.9 years and none of those aged 10 to 13.9 years were wasted (W/H < -2 SD) (table 7) . The nutritional status of 345 adults from the sample households was assessed using the standard body-mass index (BMI) formula and cutoffs. It was found that the majority of adults (62.6%) measured were of normal nutritional status (BMI 20-24.9), 18.8% were thin (BMI 18.5-19.9), 7.2% were very thin (BMI < 18.5), 9.6% were overweight (BMI 25-30), and 1.7% were obese (BMI > 30). All of the obese adults were female (table  9) . Examinations for clinical signs of micronutrient deficiencies were conducted on 422 children. Vitamin A supplements are routinely provided to children under 6 years of age and lactating women. Among children up to 13 years of age, none had Bitot's spots, 5.0% had active angular stomatitis wounds, 7.6% had scars from previously active wounds, 9.2% had pale eyelids, 3.6% had pale fingernails, and 0.2% had edema. Among children 7-13 years of age who were examined for goiter, 2% had grade 1 goiter (table 10) .
Discussion
Although the study results indicate that the households received sufficient quantities of energy, as compared with the RDA, the proportion of energy from carbohydrates was very high, with a proportionately small amount of energy from protein and fat. The protein intake appears more than adequate, but most of the protein came from plant sources, mainly from rice. Although ration foods overwhelmingly accounted for the sources of nutrients in the diet, the intakes of vitamins A, B 1 (thiamine), B 2 (riboflavin), B 3 (niacin), and C and the mineral calcium were lower than recommended (< 70% of RDA). Nonration food provided most of the vitamins A and C and heme iron, mainly because these nutrients are found in foods that were not provided in the ration. Both children and adults consumed large quantities of rice, as compared with the recommended intakes from the Thai Food Guide [8] . When rice intake is extrapolated from more than two meals to only two meals per day, children aged four to six years would consume an average of 600 g/day, as compared with the recommended 480 g/day, and adults would consume 1,242 to 1,714 g/day, as compared with the recommended 480 to 720 g/day. The large quantities of rice consumed make it less likely that both children and adults would be able to consume adequate nutrients for optimal growth and health.
Despite the very limited space, the refugees in Mae La Camp were able to plant several types of vegetables, such as green peas and gourds, in pots or small beds. However, the limited amount of garden produce was not sufficient to fully supplement the ration, and the households had to purchase additional vegetables and other foods from shops once a week, on average. Animal food in the diet came mostly from the markets. The type of animal food eaten most often was fresh fish, but it was purchased infrequently.
Over half of the households raised chickens and/or ducks. Several animals were raised at one time; they were usually kept to produce eggs for household consumption, or the hatchlings were sold or used for religious rites. Most households were able to forage for other foods, such as bamboo shoots, mushrooms, and potatoes, and hunt birds and rodents for household consumption.
Although it was adequate in energy, as reflected in the relatively low rates of wasting, the refugee diet was disproportionately high in carbohydrates and lacked sufficient quality protein, vitamins, and minerals, as indicated by the ongoing need to provide vitamin A supplements and clinical evidence of micronutrient deficiencies. This contributed to the high prevalences of underweight and stunting among the refugee children under five years of age, which were much higher than those among Thai children under five in general. The pattern of stunting in refugee children under 18 years of age reflects the long-term insufficiency of essential nutrients necessary for optimal skeletal development and growth. The rate of stunting among children aged two to five years was two to three times higher than that among children in younger age groups (one to two years and under one year). This might be explained by the excellent rates of breastfeeding in the postpartum period; during the first year of life, the infants have a steady supply of essential nutrients, such as calcium, phosphorus, zinc, iron, essential amino acids, and essential fatty acids, from breastmilk. However, during the weaning period and into the second year of life, they receive less breastmilk and lack adequate complementary foods.
Although the rates of wasting were generally low (the WHO criteria classify wasting less than 5% as acceptable [4] ), and were lower in older children (aged two to five years) than in younger children (aged one to two years) (5% vs. 19.2% W/H < -2 Z scores), this does not indicate a reversal of stunting. Instead, these children may be able to eat larger amounts of energy foods, such as rice and oil, thereby increasing their body weight relative to their height.
Conclusions
All of the households surveyed had lived in the camp for at least one year, and thus should have developed coping mechanisms with which to adequately supplement their diets. Although the refugees were able to procure some nonration foods by foraging, planting trees and vegetables, raising animals, or exchanging ration foods for other items, the quantity and quality were not sufficient to compensate for the nutrients that were low or lacking in the ration. Foods were also purchased from the markets in the camp, but the households had very weak purchasing power, as evidenced by their low monthly food expenditures.
Although energy and total protein met or exceeded the RDA, the diet was too high in carbohydrates and lacked sufficient quality protein (animal or comple- a. Data for goiter are from 197 children aged 7 to 13 years who were examined for goiter sign. All children found to have goiter grade 1 were 7 to 12 years old and were from three households that migrated to Thailand in 1991, 1992, and 1993 and later moved to Mae La Camp in 1997, 1998, and 2000, respectively. Data for all other signs and symptoms are based on 422 children aged 0 to 13 years.
mentary plant protein). The intakes of vitamins A, B 1 , B 2 , and C, as well as of calcium, were low, and vitamins A and C had to be obtained predominantly from nonration foods. The diet contained few sources of calcium, especially for younger children who may not be able to chew fish bones or for those families who do not consume the bones. The overwhelming majority of dietary nutrients were provided by ration foods, and although the ration diet and the overall diet may be adequate for short-term subsistence, they do not suffice for long-term survival and optimal growth, especially for younger children. In response, the Burmese Border Consortium is con-sidering implementing a series of options to address the high proportion of carbohydrate and low proportion of animal protein and fat in the diet, as well as to improve the micronutrient balance in the diet. The options include implementing a comprehensive plan to support gardens and animal husbandry; fortifying or providing fortified foods in the food basket; and initiating nutrition education via existing community health workers and teachers. Similar programs being undertaken among other refugee populations should also consider these options, after having undertaken similar studies on their nutritional status, methods of procuring food, and dietary intake patterns.
